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science,	engineering	and	practice	 remain	 imperfect.	 In	 this	 review,	17	experts	 from	
different	fish	passage	research	fields	(i.e.,	biology,	ecology,	physiology,	ecohydraulics,	
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1  | INTRODUCTION
Most	of	the	world’s	rivers	have	been	or	are	currently	being	dammed	
(Nilsson,	 Reidy,	 Dynesius,	 &	 Revenga,	 2005;	 Zarfl,	 Lumsdon,	
Berlekamp,	 Tydecks,	 &	 Tockner,	 2014).	 Large	 dams	 are	 primarily	
used	 for	 water	 storage	 and	 hydropower	 development	 (Nieminen,	
Hyytiäinen,	&	Lindroos,	2016),	 including	 in	some	of	the	world’s	bio-
diversity	hotspots	 (Winemiller	et	al.,	2016);	however,	 large	dams	are	






major	 threats	 to	worldwide	 aquatic	 biodiversity,	 including	 freshwa-
ter	 fishes	 (Liermann,	Nilsson,	Robertson,	&	Ng,	2012;	Nicola,	Elvira,	
&	 Almodovar,	 1996;	 Poulet,	 2007).	 Fish	 migrations	 (synchronized	
movements	by	populations	or	population	components	driven	by	the	
transitory	availability	and	changing	 location	of	key	 resources)	 (Lucas	
&	Baras,	2001)	and	dispersal	 (one-	way	movement,	away	from	a	site	





importance	of	 freshwater	 fish	populations	and	 the	many	ecosystem	
services	they	provide	 (Lynch	et	al.,	2016),	efforts	to	ensure	that	fish	
populations	are	maintained	even	in	the	face	of	development	are	crit-
ical.	Furthermore,	 fish	are	a	key	part	of	aquatic	 food	webs,	 strongly	
contributing	 to	 aquatic	 ecosystem	 functioning	 (Lynch	 et	al.,	 2016).	
Fish	 provide	 the	 main	 source	 of	 protein	 and	 income	 for	 hundreds	
of	millions	 of	 people	worldwide	 (FAO/DVWK	2002)	 and	many	 that	
depend	on	 freshwater	 fish	 are	 impoverished	 (Bailey,	West,	&	Black,	
2015;	Cooke,	Allison,	et	al.,	2016).
During	the	course	of	a	lifespan,	fish	may	travel	considerable	dis-








species	 (Radinger	&	Wolter,	 2014).	 For	 example,	 the	drastic	decline	
(~75%)	of	the	European	eel	(Anguilla anguilla,	Anguillidae)	over	the	past	
few	decades	 has	 partly	 been	 associated	with	 the	mortality	 of	 adult	
eels	passing	through	hydropower	turbines	during	their	migration	from	
freshwater	 feeding	 grounds	 to	 oceanic	 spawning	 grounds	 (Sargasso	
Sea)	(Pedersen	et	al.,	2012).	Moreover,	there	are	countless	instances	




crucial	 to	 population	processes	 but	 is	 impacted	by	 river	 fragmenta-
tion	 (Radinger	&	Wolter,	 2014).	Construction	of	 engineered	 in-	river	
structures	continues	apace	in	many	parts	of	the	world;	however,	other	
long-	developed	 areas	 are	 restoring	 river	 connectivity	 by	 removing	
dams	and	by	providing	 conduits	 for	 the	passage	of	biota,	 especially	
fishes	(Gough,	Philipsen,	Schollema,	&	Wanningen,	2012;	Poff	&	Hart,	
2002;	Tummers,	Hudson,	&	Lucas,	2016).
Fishways—defined	here	 as	 any	 structure	 deliberately	 created	 to	
facilitate	safe	and	timely	fish	movement	past	an	obstacle—date	back	
at	 least	several	centuries.	 In	the	19th	century,	 fishways	emerged	as	
a	 mitigation	 effort	 to	 facilitate	 the	 bidirectional	 movement	 of	 fish	
around	 barriers,	 with	 perhaps	 the	 first	 fishway	 built	 in	 Pawtucket,	





physical	 structure	 is	 rendered	 “transparent”	 (Castro-	Santos	&	Haro,	
2010)	 in	 terms	of	 the	effects	on	 target	 species	of	 fish	approaching	





a	 proven	 technology,	 improved	 international	 collaboration,	 information	 sharing,	
method	 standardization	 and	multidisciplinary	 training	 are	 needed.	 Further	 develop-
ment	of	regional	expertise	is	needed	in	South	America,	Asia	and	Africa	where	hydro-
power	dams	are	currently	being	planned	and	constructed.
K E Y W O R D S
dams,	ecohydraulics,	fish	conservation,	fish	migration,	fishway,	standardization
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and	 passing	 the	 facility.	 Depending	 on	 their	 design,	 fishways	 can	




The	 rate	 of	 construction	 of	 fishways	 has	 increased	 in	 recent	






















2  | FUNDAMENTAL SCIENCE 






Successful	 fish	passage	 conserves	native	diversity	 and	nutrient	 flux	
between	 and	 among	 lacustrine,	 riverine	 and	 marine	 environments;	
it	does	this	by	eliminating	or	minimizing	barriers	to	movement	(Hall,	
Jordaan,	&	Frisk,	2012;	Naiman,	Bilby,	Schindler,	&	Helfield,	2002).





depths),	 chemical,	 thermal	 or	 even	 just	 a	matter	 of	 distance.	 In	 the	
context	of	fish	passage,	we	typically	think	of	barriers	as	localized	struc-
tures	within	the	river	continuum;	however,	barriers	may	have	greater	
dimensionality.	 For	 example,	 an	 impoundment	where	 flow	 cues	 are	
reduced	may	act	as	a	barrier	by	decreasing	the	rates	at	which	migra-
tory	 fish	 arrive	 at	 spawning	 or	 feeding	 habitat.	We	 can	 expand	 the	
barrier	 concept	 to	 include	 anything	 that	 imparts	 a	 change	 (typically	
a	 reduction)	 in	 fitness	 during	 and	 following	 passage	 (Castro-	Santos,	












central	 to	all	aquatic	 life,	 including	fishes.	 Indeed,	 this	 is	particularly	
true	 given	 the	 changes	 to	 river	 flows	 and	 the	 effects	 that	 climate	
change	may	have	on	those	flows	and	on	the	design	and	use	of	fish-
ways.	Flow	regulation	and	impoundment	affect	numerous	life	stages,	
including	 the	 migration	 and	 the	 dispersal	 period.	 Such	 impacts	 are	






and	higher	 flows	may	 influence	energy	use	and	 limit	 fish	 swimming	
capacity	during	their	migrations	and	particularly	as	they	approach	and	
interact	with	fish	passage	facilities	(see	Rand	et	al.,	2006;	Zabel,	Burke,	










derived	 in	 the	 laboratory	may	underestimate	actual	abilities	of	 free-	
swimming	 fish	 (Castro-	Santos,	 Sanz-	Ronda,	 &	 Ruiz-	Legazpi,	 2013;	
Peake,	 2004;	 Tudorache,	 Viaenen,	 Blust,	 &	 De	 Boeck,	 2007).	 New	
methods	have	 improved	accuracy	and	are	currently	being	replicated	
worldwide	(Haro,	Castro-	Santos,	Noreika,	&	Odeh,	2004;	Sanz-	Ronda,	



































McKay,	 Schramski,	 Conyngham,	 &	 Fischenich,	 2013;	 Neeson	 et	al.,	
2015),	 and	 to	 decide	 how	 to	 plan	 future,	more	 eco-	friendly	 hydro-
power	development	(Ioannidou	&	O’Hanley,	2018).
The	multiple	 disciplines	 of	 expertise	 surrounding	 fish	 passage	 re-
search	 and	 development	 are	 dominated	 by	 the	 natural	 and	 physical	
sciences,	but	there	is	increasing	recognition	of	the	importance	of	incor-
porating	social	science	and	economics	practices	into	current	and	future	













3  | THE MISSING PIECES:  KNOWLEDGE 
AND TOOLS NEEDED
3.1 | Spatial and temporal context of fish migration 
and dispersal
Until	 recently,	 fishway	 science	 has	 concentrated	 on	 the	 fishway(s)	
and	barrier(s)	and	fish	throughput	at	a	site-	specific	scale	and	has	been	
complemented	by	laboratory	studies	of	swimming	performance	(Clay,	
1995;	 Larinier	 &	 Marmulla,	 2004).	 Downstream	 passage	 impacts,	










nids	 remains	 incomplete	 (Aarestrup,	Birnie-	Gauvin,	&	 Larsen,	 2017;	
Winter,	Tummers,	Aarestrup,	Baktoft,	&	Lucas,	2016).	Fuller	consid-
eration	of	the	adaptive	value	of	fish	movement,	including	passage	at	
an	obstacle,	 requires	broader	 spatio-	temporal	 context	 (fine-	scale	 to	
landscape-	scale;	Fausch,	Torgersen,	Baxter,	&	Li,	2002).	For	example,	










3.2 | Biodiversity conservation and ecological  
resilience
Rivers	are	also	well-	defined	boundaries	and	corridors	for	the	spatial	
and	 temporal	 distribution	 of	 nutrients,	 energy	 and	matter,	 which	








between	 nutrient	 flow	 to	 freshwater	 ecosystems	 and	 community	
dynamics	has	been	evident	through	increased	production	of	aquatic	
invertebrates	 and	 fish	observed	 in	 rivers	 and	 streams	with	higher	
carcass	abundance	or	live	salmon	(Naiman	et	al.,	2002).	The	flux	of	
biotic	(e.g.,	fish,	invertebrates,	microfauna)	and	abiotic	vectors	(that	
actively	 transport	matter	 or	 energy	 across	 the	 landscape,	 Puth	&	
Wilson,	2001)	within	ecosystems,	communities	and	populations	 is	
therefore	essential	for	ecosystem	function.	This	ecological	dynamic	




















as	 detailed	 in	 Clay	 (1995),	 did	 little	 to	 solve	 passage	 problems	 for	
the	 large	 numbers	 of	 catadromous,	 potamodromous	 and	 amphi-
dromous	 migrants	 in	 catchments	 where	 they	 are	 abundant	 (Lucas	
&	Baras,	2001).	Fifty-	five	per	 cent	of	181	 fish	 species	 in	Canadian	
freshwaters	have	been	described	as	migratory	(38%	diadromous,	62%	
potamodromous,	 Lucas	&	Baras,	2001);	however,	 a	detailed	under-











designs	 for	 a	wider	 range	 of	 native	 fishes	 in,	 for	 example,	Australia	
(Stuart	 &	Mallen-	Cooper,	 1999)	 and	 Europe	 (Jungwirth,	 1996),	 but	
major	 problems	 in	 achieving	 functional	 connectivity	 still	 exist	 for	







native	 fish	 community,	 and	 not	 just	 obligatory	 migrants	 (Tummers	
et	al.,	2016).	The	EU’s	Water	Framework	Directive	states	 that	prog-
ress	towards	“good	ecological	status”	in	impacted	waterbodies	needs	











3.3 | River connectivity: fish passes vs. dam removal
Inland	fish	and	fisheries	are	important	to	human	health	and	well-	being	
(food	 security;	 economic	 security;	 empowerment;	 cultural	 services;	
recreational	services;	human	health	and	well-	being;	knowledge	trans-
fer	and	capacity	building)	and	to	the	environment	(ecosystem	function	
and	biodiversity,	 environmental	 indicators	 for	 global	 change)	 (Lynch	
et	al.,	 2016).	 River	 restoration	 efforts	 are	 increasing	 across	 the	 de-
veloped	world,	and	improving	longitudinal	connectivity	for	river	pro-





















A	 much	 better	 understanding	 is	 needed	 of	 the	 space-	use	 re-
quirements	 of	 freshwater	 and	 diadromous	 fishes	 by	 part	 or	 all	 of	 a	
population	(Cooke,	Martins,	et	al.,	2016)	to	provide	sound	advice	for	
appropriate	fish	passage	solutions.	Similarly,	river	restoration,	includ-
ing	 dam	 removal	 and	 fishway	 provision,	would	 benefit	 from	 better	
landscape-	scale	 tools	 (and	 their	 take-	up)	 for	 options	 appraisal	 (see	
Box	1	for	an	example	of	the	impact	of	barrier	removal	on	restoration	
of	lowland	rivers	in	Denmark).	Although	a	costly	exercise,	dam	removal	
is	 becoming	 increasingly	 common	 in	 some	 places	 (US:	 Brown	 et	al.,	
2013;	Denmark,	Birnie-Gauvin,	Larsen,	Nielsen,	&	Aarestrup,	2017a).	
Following	the	removal	of	the	Elwha	Dam	in	Washington	(USA),	Tonra,	
Sager-	Fradkin,	Morley,	Duda,	 and	Marra	 (2015)	 reported	 returns	 of	
Pacific	 salmon	 immediately	 following	 removal.	More	 time	 is	needed	
to	determine	 the	extent	 to	which	 these	measures	 result	 in	 fisheries	
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In	general,	a	global	reliance	on	dams	for	flood	control,	 irrigation,	










Due	 to	 the	 large	 initial	 capital	 cost	of	constructing	 fishways,	we	
need	 a	 better	 understanding	 of	 their	 ability	 to	meet	 the	 objectives	
compared	to	alternative	outcomes,	 including	doing	nothing	or	phys-
ically	 removing	 a	 barrier.	 Far	 too	 often,	 the	 costs	 of	 doing	 nothing,	









hundreds	of	 fish	species	 (and	other	animals)	 rely	on	 free	movement	
in	 rivers	 for	 life-	cycle	 completion	and	 that	 there	are	many	different	
combinations	of	fishway	types	and	gradients,	a	few	quantitative,	well-	
designed	 studies	 is	 wholly	 inadequate	 to	 make	 sound	 conclusions	
on	 their	 performance	 for	 all	 but	 a	 few	 species	 and	 fishway	 designs	
(Bunt	et	al.,	2016;	Noonan	et	al.,	2012;	Williams	&	Katopodis,	2016).	










to	pass	 a	 large	number	of	 species	with	different	physiological	 char-
acteristics,	swimming	abilities,	body	size	and	behaviours	 (Bunt	et	al.,	
2012,	2016).	 Effective	passage	 for	 several	migrant	 fish	 species	 at	 a	
dam	may	involve	installation	of	two	or	more	fishways	of	differing	size	
and	hydraulic	characteristics.
3.4 | Standardization of fish passage evaluation
Overall,	there	is	a	need	for	stronger	rationales	supporting	targets	and	
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(2001)	 recommended	 attraction	 and	 passage	 efficiency	 targets	 of	








compounded	 benefits.	 Although	 in	 these	 cases,	 if	 critical	 habitats	 
(e.	g.	reproduction	sites	or	nursery	areas)	are	not	maintained,	the	con-
struction	 of	 fishways	will	 be	 insufficient	 at	 preserving	 fish	 popula-
tions	(Pompeu,	Agostinho,	&	Pelicice,	2012).
With	regard	to	quantifying	passage	processes,	there	are	incon-
sistencies	 in	 definitions	 and	methods	 used	 to	 gather	 and	 analyse	
data	on	fishway	performance	(Kemp,	2016).	Given	the	high	cost	of	
individual	empirical	studies	and	the	value	of	resultant	data,	the	cur-
rent	 lack	 of	 common	 standards	 can	 limit	 the	 utility	 of	 those	 data	
for	meta-	analyses	and	discovery	of	emergent	patterns	 from	these	
data	(Bunt	et	al.,	2016;	Noonan	et	al.,	2012;	Roscoe	&	Hinch,	2010;	
Williams	 &	 Katopodis,	 2016).	 Washburn,	 Hateley,	 and	 Gregory	
(2015)	 outline	 a	 European	 standard	 for	 fishway	 evaluations	 that	




narrowly	defined	 standard.	Generally,	 it	 is	 agreed	 that	 the	appro-
priate	methods	 should	 be	 used	 that	 can	measure	 the	 rate	 of	 en-
counter	and	path	of	individual	fish	(of	particular	species,	 life-	cycle	
stage	and	size)	at	an	obstacle,	relative	to	reference	conditions,	and	
whether	 subsequent	 passage	 is	 successful,	 so	 that	 key	 efficiency	
metrics	of	approach,	entrance	and	passage	can	be	measured	(Cooke	
&	 Hinch,	 2013),	 preferably	with	 respect	 to	 time	 elapsed	 to	 each	
event	for	each	fish	(Castro-	Santos	&	Haro,	2003;	Castro-	Santos	&	
Perry,	2012).
Castro-	Santos	et	al.	 (2009)	proposed	a	 suite	of	biological,	 struc-
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associated	with	a	distinct	zone.	During	the	approach	phase,	a	 fish	
occupies	 a	 migratory	 state	 (“approach”)	 where	 it	 approaches	 the	
barrier	and	encounters	physical	signals	that	identify	the	location	of	
the	fishway.	Having	detected	a	possible	passage	route,	it	now	enters	
the	 “entry”	state.	During	 this	phase,	 the	 fish	 is	able	 to	detect	and	
respond	to	the	entrance	and	must	make	a	decision	whether	to	enter	
the	 structure.	 Finally,	 having	 entered,	 the	 fish	 occupies	 the	 “pas-
sage”	state,	where	it	must	now	pass	through	it.	Success	or	failure	to	
advance	through	any	one	of	these	states	may	occur	for	a	number	of	
reasons,	 including	 physical	 capability	 and	 behavioural	 rejection.	
Taken	together,	the	overall	probability	of	passage	is	the	product	of	
these	three	steps:	






















is	 further	 complicated	because	 fish	not	 only	move	 forward	 through	


















an	 individual	 leaves	 the	 risk	 set,	 however	 (e.g.,	 enters	 and	passes	 a	











can	be	 set	 to	whatever	 timestep	 is	 deemed	appropriate	 for	 a	 given	
study	(governed	by,	for	example,	diel	period	or	hourly	measures	of	dis-
charge).	An	added	attractive	feature	of	this	approach	is	that	it	allows	
for	 explicit	 recognition	 of	 the	 fact	 that	 individuals	 and	 species	may	
vary	with	 respect	 to	migratory	motivation	 (Goerig	&	Castro-	Santos,	
2017).	The	censoring	approach	only	calculates	movement	rates	for	in-
dividuals	that	are	trying	to	pass.









tion	 and	 temporal	 elements,	 for	 example	 requiring	 passage	 of	 85%	
of	the	total	population,	with	50%	passing	in	less	than	2	days	(Castro-	
Santos	et	al.,	2009).
Telemetry	 is	 an	 important	method	 for	determining	 fishway	ap-
proach,	 entry,	 passage	 rates	 and	post-	dam	passage	behaviour	 and	
survival,	 as	 individual	 remote	 identification	 is	 possible	 at	 multiple	
locations,	with	fine	temporal	resolution	(Castro-	Santos	et	al.,	2009;	
Cooke	 &	 Hinch,	 2013;	 Cooke,	 Hinch,	 Lucas,	 &	 Lutcavage,	 2012)	




of	 species	 and	 sizes	 simultaneously	 at	 a	 site.	 Passive	 integrated	
transponder	(PIT)	telemetry	offers	a	good	solution,	at	low	cost,	and	
for	 assessments	 approaching	 the	 fish	 community	 level.	 Currently,	
this	 information	 is	 almost	 entirely	 absent	 from	 the	 literature	 (but	
see	 Baumgartner,	 Boys,	 Stuart,	 &	 Zampatti,	 2010;	 Lucas,	 Mercer,	
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More	 research	 is	 needed	on	 the	 selectivity	 of	 fishways	 for	 two	
main	 reasons.	 Firstly,	 for	 effective	 assemblage	 functionality,	 most	
fishways	 are	 too	 selective	 and	 greater	 effort	 is	 needed	 to	 aid	 spe-
cies	restoration	plans	(Cooke	&	Hinch,	2013;	Foulds	&	Lucas,	2013).	
Secondly,	 and	 conversely,	 some	 river	 systems	 and	 fish	 communi-
ties	are	 increasingly	at	 threat	 from	colonization	by	non-	native	 inva-
sive	species	or	 require	ongoing	management	of	 such	species.	Here,	
there	 is	 a	 need	 for	 the	 effective	 development	 of	 highly	 selective	
fish	passes	able	to	prevent	or	strongly	inhibit	passage	of	non-	native	
species	 (Rahel,	 2013),	while	 also	 allowing	 a	 high	 proportion	 of	 na-
tive	 species	 to	pass	 (McLaughlin	et	al.,	 2013;	Pratt	et	al.,	 2009).	Of	
course,	 there	 is	 complementarity	between	 these	 contrasting	needs.	





Lakes.	Extending	the	selectivity	theme,	 there	 is	an	 increasing	trend,	
particularly	with	nature-	like	fishways,	to	regard	these	as	biota	migra-
tion	corridors	for	a	much	wider	range	of	species	than	just	fish	and	this	






passage	 types.	 Site-	specific	 conditions	 (e.g.,	 gradient,	 lack	 of	 space)	
may	limit	the	ability	to	install	nature-	like	fishways	at	all	facilities,	but	
there	are	lessons	that	can	be	taken	from	the	high	passage	efficiency	
at	 nature-	like	 fishways	 to	 improve	 function	 of	 technical	 fishways.	
Explicitly	contrasting	the	performance	of	different	fish	passage	types	
using	 standardized/consistent	methods	would	 seem	 to	 be	 a	 fruitful	
and	timely	research	topic.
4  | SHIFTING THE PARADIGM IN 
FISHWAY ENGINEERING
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ways	to	sustain	a	population,	forms	the	basis	for	fish	passage	consid-




either	 upstream	 or	 downstream	 (“Approach”	 phase,	 Equation	1);	 (ii)	
aid	them	to	enter	the	fish	passage	system	and	transition	into	its	ac-
tual	 passageway	 (both	 upstream	 and	 downstream)	 (“Entry”	 phase,	
Equation	1);	(iii)	provide	hydraulic	conditions	that	match	the	biological	
needs,	 abilities	 and	 behaviours	 of	 the	 species	 and	 life	 stages	 to	 fa-









quantitatively	 the	 significance	 for	 fish	 responses	 to	 complex	 hy-
draulic	characteristics	(velocity,	turbulence,	shear	stress,	circulation	
patterns,	eddy	size	and	streaming	or	plunging	flow)	(Cotel,	Webb,	&	
Tritico,	 2006;	Kemp,	Gessel,	&	Williams,	2005;	 Liao,	Beal,	 Lauder,	
&	Triantafyllou,	2003;	Lupandin,	2005;	Marriner,	Baki,	Zhu,	Cooke,	
&	 Katopodis,	 2016;	 Silva,	 Katopodis,	 Santos,	 Ferreira,	 &	 Pinheiro,	
2012;	Thiem	et	al.,	2013).	Considering	such	findings,	it	seems	that	
endeavouring	to	provide	hydraulic	energy	dissipation	to	match	fish	
swimming	speeds	with	mean	water	velocities	 in	 fishways	 is	 rather	
simplistic	 and	 insufficient.	 Incorporating	 improved	 understanding	
of	 fish	 behaviour	 to	 fundamental	 fishway	 design	 aspects,	 such	 as	
attraction	 and	 guidance	 or	 passageway	 hydraulic	 characteristics,	
requires	 innovation	and	engineering	paradigm	shifts.	For	example,	








promising	 research	which	may	 lead	 to	more	advanced	and	effective	
engineering	applications	(Burnett	et	al.,	2017).	Advances	through	sci-





the	 ancient	 helical	 Archimedes	 pump,	 have	 already	 undergone	 sig-
nificant	 testing	with	encouraging	 results	 for	many	species,	 including	







Increased	 discharge	 over	 spillways	 or	 through	 special	 surface	
bypasses	 can	provide	 safe	 routes	 for	downstream	migrating	 salmon	
(Adams,	 Plumb,	 Perry,	 &	 Rondorf,	 2014;	 Fjeldstad	 et	al.,	 2012).	
Redesigning	 traditional	 spillways	 or	 parts	 of	 them	 from	 vertical	 to	




of	 juvenile	 Atlantic	 salmon	 (Salmo salar,	 Salmonidae)	 and	 American	










of	 spill	 required	 to	 safely	 pass	 downstream	migrants	 (Adams	 et	al.,	
2014).	The	success	of	this	technology	is	credited	with	meeting	man-








5  | OVERCOMING BARRIERS THAT LIMIT 
OUR ABILITY TO IMPLEMENT EFFECTIVE 
FISH PASSAGE SOLUTIONS
Many	 countries	 have	 developed	 specific	 legislation	 and	 policy	with	
the	 aim	 of	 protecting	 migratory	 fish.	 Legislation	 generally	 requires	
that	developers	must	provide	 fish	passage	at	any	new	structure,	or	
existing	 structures	 that	 are	 substantially	 modified.	 The	 absence	 of	
adequate	legislative	protection	can	be	a	substantial	barrier	to	imple-
ment	effective	solutions,	although	in	some	cases,	legislative	direction	




to	 ensure	 that	 solutions	 genuinely	 provide	 adequate	 protection	 for	
migrants.	Moreover,	in	many	regions,	especially	in	tropical	countries,	
there	may	be	 insufficient	 legislation	or	 funding	 to	 ensure	 adequate	
basic	studies	related	to	fishways,	as	well	as	for	their	implementation	
and	 robust	 monitoring	 effectiveness	 (Kemp,	 2016).	 When	 funding	
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support	 is	 available,	 it	 is	 frequently	 related	 to	 the	 licensing	process	





are	 required	 to	annually	 invest	a	minimum	of	0.4%	of	 their	net	op-
erating	 income	 in	 technological	 research	 and	 development	 projects	








produced	 in	the	Columbia	River	Basin.	The Pacific Northwest Electric 
Power Planning and Conservation Act, 1980,	met	 two	 regional	 goals:	
















species,	 or	 a	 smaller	 number	 of	 any	 target	 fish	 species.	Thirdly,	 the	






for	 the	various	 project	 options	 both	 immediate	 and	 long	 term	 (e.g.,	










all	 targets	 for	 fisheries	 recovery	during	 that	process.	For	new	dams,	
incorporating	fishways	and	targets	for	outcomes	(e.g.,	no	net	change	
in	fisheries	productivity)	should	be	but	are	often	not	applied.	Any	ben-
efit	 arising	 from	 improved	 fish	passage	 should	be	measured	against	
these	 targets.	 In	many	 instances,	 historical	 population	 levels	 remain	
unknown	and	thus	it	is	difficult	to	set	a	pre-	construction	benchmark	
(Cooke	&	Hinch,	2013).	In	these	cases,	surrogate	targets	could	be	set,	
which	 can	 include	 the	 timing	 of	 passage,	 the	 number	 of	 species	 or	









individual	 fish	sit	on	 the	shy-	bold	continuum)	has	 little	 influence	on	
fish	 passage	 success	 (Landsman,	Wilson,	Cooke,	&	van	den	Heuvel,	
2017),	but	more	work	on	that	topic	 is	needed	on	a	broader	suite	of	
fish	species.	Understanding	the	consequences	of	reduced	passage	or	
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While	 substantial	 knowledge	gaps	may	be	 limiting	our	 ability	 to	
design	and	implement	effective	fish	passage	solutions,	there	are	end-
less	opportunities	 to	 learn	 from	existing	structures.	Both	Bunt	et	al.	
(2016)	 and	 Noonan	 et	al.	 (2012)	 highlight	 the	 paucity	 of	 published	
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6  | TRANSLATION OF FISH PASSAGE 
EXPERTISE AND INFRASTRUCTURE 
BETWEEN AND WITHIN GEOGRAPHICAL  
REGIONS
Extension	 of	 fish	 passage	 ideas,	 designs	 and	 concepts	 has	 been	 a	
cornerstone	 of	 international	 collaboration	 for	many	 decades.	Many	
years	of	 targeted	 fish	passage	 research	 in	North	America,	Australia	
and	 Europe	 have	 advanced	 fish	 passage	 construction	 elsewhere.	
For	 example,	 the	hydropower	project	 at	Bonneville	Dam	 (Columbia	
River,	USA)	has	acted	as	a	template	for	many	similar	projects	in	other	
countries.	 Concepts	 developed	 at	 Bonneville	 Dam	 have	 been	 di-
rectly	applied	to	projects	 in	Brazil	and	South-	East	Asia	 (Baumann	&	
Stevanella,	2012).	Further,	 the	design	of	 the	Ben	Anderson	Barrage	
fishway	 (Burnett	 River,	 Queensland)	 was	 directly	 applied	 at	 Stung	
Chinit	Irrigation	district	 in	Cambodia	(Baumgartner	et	al.,	2012).	It	 is	
clear	 from	these	examples	 that,	 in	 the	absence	of	 suitable	 local	 so-
lutions,	there	is	a	strong	trend	to	adopt	and	apply	existing	solutions	
from	elsewhere.
However,	 the	concept	 that	migration	 routes	 for	 fish	can	be	uni-
versally	reinstated	through	the	installation	of	fishways	resulting	from	
the	transfer	of	expertise	and	infrastructure	between	and	within	geo-
graphical	 regions	 has	 generated	 substantial	 debate	 (Kemp,	 2016).	
Some	successes	have	been	reported	(Barrett	&	Mallen-	Cooper,	2006;	
Baumgartner,	Zampatti,	Jones,	Stuart,	&	Mallen-	Cooper,	2014;	Parsley	
et	al.,	 2007),	 especially	 at	 sites	 where	 solutions	 were	 specifically	
developed	 to	 meet	 target	 species	 and	 hydrology.	 But	 the	 precari-
ous	conservation	status	of	native	population	 reduction	of	migratory	
species	 in	 South	America	 (Agostinho,	 Gomes,	 Fernandes,	 &	 Suzuki,	
2002;	Agostinho,	Gomes,	&	Latini,	2004),	and	the	disrupted	river	con-









tive,	 some	 countries	went	 through	 a	 fishway	 design	 phase	 in	 the	
early	2000s	where	the	importance	of	region-	specific	fishways	based	
on	 the	 local	 species	 was	 incorporated	 (Barrett	 &	 Mallen-	Cooper,	
2006).	 Recognizing	 that	 different	 species	 have	 contrasting	 pas-




Guidelines	 for	 local	 fishways	are	now	available	 for	some	regions	
(Bok,	 Rooseboom,	 &	 Rossouw,	 2004),	 but	 they	 are	 far	 from	 mit-
igating	 the	 effect	 of	 the	 physical	 and	 chemical	 barriers.	 Part	 of	 the	
problem	 is	 related	 to	 the	 life-	cycle	differences	between	the	 tropical	
and	 temperate	migratory	 fish	 fauna,	 and	 the	 lack	of	a	broader	view	
of	 the	 river	 basin	 system,	 without	 considering	 the	 maintenance	 of	









such	 instances,	 collaboration	within	 the	 international	 community	 is	
crucial	for	sharing	unique	designs	and	especially	associated	successes	
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tors	 (e.g.,	 environmental	 consultants,	 design	 engineers)	 would	 then	
develop	a	series	of	options	that	consider	technical	feasibility,	cost	and	
ability	to	achieve	the	fisheries	management	and	conservation	objec-
tives.	 Ideally,	 the	entire	process	 is	 supported	by	a	 rich	and	credible	
evidence	base	 to	ensure	 that	 the	decisions	made	are	most	 likely	 to	








tions	 such	 that	 decisions	may	be	 left	 to	 those	without	 any	 specific	
training	or	expertise	related	to	fish	passage.	Beyond	stating	the	ob-











also	 an	 assumption	 that	 just	 because	 something	 is	 “peer-	reviewed”	
that	the	science	is	strong.	We	know	that	is	not	always	the	case.	Even	
when	scientific	information	is	available,	it	is	well	known	that	environ-
mental	managers	often	 rely	on	 their	past	experiences	or	 input	 from	
their	 colleagues	 to	 guide	 them	 (Pullin,	 Knight,	 Stone,	 &	 Charman,	
2004),	and	more	broadly	we	suffer	from	confirmation	bias.	In	the	late	




Knight,	2001),	 the	authors	 called	upon	adopting	evidence	 synthesis	
techniques	 known	 as	 systematic	 reviews	 to	 guide	 decision-	making	
(Pullin	&	Knight,	2009).	Systematic	reviews	are	highly	repeatable,	and	





To	 date,	 there	 has	 been	 only	 one	 attempt	 to	 conduct	 systematic	
review	 related	 to	 fish	passage,	 although	we	do	 recognize	 several	 key	
meta-	analyses	on	fishway	functionality	(Bunt	et	al.,	2012,	2016;	Kemp,	
2016;	Noonan	et	al.,	2012).	Bunt	et	al.	(2012,	2016)	included	relatively	








It	 is	also	conceivable	 for	 fish	passage	research	 to	 fail	 to	address	
questions	 that	are	 relevant	 to	managers,	essentially	driving	 them	to	
base	decisions	on	their	experience	rather	than	formal	scientific	study.	
For	 example,	most	developers	 and	managers	overlook	 the	potential	
for	sublethal	costs	of	fish	passage.	So,	what	if	cortisol	or	excess	post-	
exercise	 oxygen	 consumption	 (EPOC;	 Lee,	 Farrell,	 Lotto,	 Hinch,	 &	
Healey,	2003;	Burnett	et	al.,	2014)	 is	elevated	after	passage?	 If	 that	






as	 increased	probability	of	mortality	 from	physiological	 failure,	 from	














when	migrating	 and	 dispersing.	 Engineers	 cannot	 develop	 effective	
fishways	without	 those	hydraulic	data,	but	 that	does	not	mean	that	
such	 information	will	guarantee	that	a	fishway	will	work.	Past	expe-








the	 fishway	needed	 tomorrow.	 It	 is	 also	necessary	 to	de-	emphasize	
fish	 passage	 as	 the	 sole	 solution	 to	 the	 long-	term	 maintenance	 of	








Chapman	 et	al.,	 2015	 on	 tips	 for	 “being	 relevant”)	 and	 ensure	 that	
when	 the	 research	 is	 completed,	 it	 is	 communicated	 in	 an	effective	
and	useful	manner.	Simply	handing	a	peer-	reviewed	empirical	 study	
to	 a	 practitioner	 is	 unlikely	 to	 be	 effective,	 as	 knowledge	 has	 been	
shown	to	move	in	more	complex	ways—that	is	not	in	a	linear	fashion	
from	researcher	to	manager	(termed	“pipeline	model,”	van	Kerkhoff	&	
Lebel,	 2006).	Greater	 dialogue	 is	 needed	 between	 the	 practitioners	
and	researchers	to	determine	the	types	of	user-	friendly	products	that	
would	be	of	assistance	to	those	tasked	with	making	decisions.	Such	
products	 could	 be	 extensions	of	 the	 aforementioned	 systematic	 re-
views.	Moreover,	 there	 is	 a	 need	 for	mechanisms	 to	 enable	 regular	
updates	as	additional	information	and	guidance	becomes	available	in	
this	 dynamic	 field.	 Again,	 systematic	 reviews	 provide	 opportunities	




























It	 is	 critical	 to	 formulate	 a	 standardized	 approach	 to	 assess-
ing	fish	passage	that	provides	 long-	term	ecologically	relevant	and	
meaningful	 results	over	 time	and	across	 regions,	as	well	as	docu-
menting	cases	and	identifying	situations	in	which	fishways	contrib-
ute	to	the	conservation	of	migratory	species.	Innovative	monitoring	
approaches	 that	 push	 the	 boundaries	 of	 technology	 to	 provide	
cost-	effective	and	accurate	data	are	also	essential.	Moreover,	fish	
passage	 research	 will	 benefit	 by	 including	 studies	 of	 cumulative	
effects	that	consider	and	quantify	the	effect	of	pre-	barrier	experi-
ence	on	barrier	passage	and	post-	barrier	passage	success	(Burnett	










context,	adaptive	management	 is	essential.	We	need	 to	 learn	 from	
designs	 that	 have	 failed,	 develop	 suitable	 solutions	 and	 test	 these	
solutions	at	new	sites.	The	cumulative	benefits	of	adaptive	manage-
ment	 are	 essential	 for	 the	 long-	term	 advancement	 of	 fish	 passage	
science.	 Ultimately,	 this	 will	 improve	 biodiversity	 sustainability	 as	
well	as	the	support	and	development	of	human	population.
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